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Placing a carbide with a carbide temperature 
within a thermal control apparatus. 
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Introducing a cryogenic material into the thermal 

control apparatus to decrease the metal 
temperature, while preventing over-stressing of 
the carbide. 
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Forming a piece of drilling equipment, a treated 
carbide without fractures and enhanced structural 
characteristics . 



Lowering the temperature to a first target 
temperature ranging from -40 degrees F and -380 
degrees F at a first temperature rate ranging from 
0.25 degrees per minute and 20 degrees per 
minute. 
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Increasing the carbide temperature to the fourth 
target temperature at a fourth temperature rate 
ranging from 0.25 degrees per minute and 20 
degrees per minute. 



Stopping the introduction of the cryogenic 
material into the chamber once the first target 
temperature is reached. 
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Increasing the chamber temperature to a fourth 
target temperature ranging from 0 degrees F and 
1400 degrees F. 



Increasing the chamber temperature to a second 
target temperature ranging from 0 degrees F and 
1400 degrees F. 
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Stopping the introduction of the cryogenic 
material into the chamber once the third target 
temperature is reached. 



Increasing the metal temperature to the second 
target temperature at a second temperature rate 
ranging from 0.25 degrees per minute and 20 
degrees per minute. 
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Lowering the temperature to a third target 
temperature ranging from -40 degrees F and -380 
degrees F at a third temperature rate ranging 
from 0.25 degrees per minute and 20 degrees 
per minute. 



Introducing a cryogenic material into the thermal 
control apparatus to decrease the intermediate 
carbide temperature, while preventing over- 
stressing of the carbide. 



170 



220 



o 

3 



O 
CVJ 
CO 













rma 




gof 






© 


eg 


c 






sz 


© 


essi 






© 


E 






£ 


© 


r-str 






o 








al in 


ase 


ove 






eri 


CD 


O) 

c 


© 




«3 
E 


8 

■D 


enti 


rbid 




o 


O 




8 


► 




1 






en 


CO 
3 




© 




g 5 


ral 


© 






° a 


i 






CO 


CO 


8 






O) 

c 


o 


3 






o 


C 








rodu 


8 


mpe 






c 





















CO 



o 

CD 
CM 



\ 




/ 





o c 








-38 
fror 


© 




© 


"D U) 


a. 






c c 


CO 




eg 




© 
© 






u_ c 






i 


ees 
te ra 












CO 

2 


degr 
re ra 


s 




ure 


1-40 
sratu 


i an 


© 


2 


© 




© 




c 


c 


E 




E 


*E 




o> *- 






3 


C £ 


© 




© 




Q. 






f i 


to 






CO CO 


© 








© 




werin 


ature 
s Fa 


degr 




Lo 


temper 
degree 


1 0.25 






rth 


© 


o 




3 


08 


CVJ 




hefoi 


ture r 


and 






CO 


© 




o 


© 


3 




ature 


temp 


sr min 


ute. 


per 


j rth 


s pt 


mm 


E 


o 


© 




© 


CO 


© 


pe 


© 




© 


CO 


"D 


CO 




© 


-a 


© 


in 


© 


co 


3 


CM 


degi 


o 


2 


o 


© 


© 


E 






Q. 












c 


© 


05 




to 




c 




rea 


© 


o> 




2> 


c 




o 




2 




c 


2 















o 

LO 
CM 





"D 






c 




■e 


CO 




3 






o 


LL 




CO 


CO 

© 




o 


gre 




© 


© 




3 


"D 




2 


O 




© 


E 


LL 


Q. 


o 


CO 


E 




ree 


© 


o> 




c 




ber 


O) 

c 


de 


cham 


CO 


o 


ure r 


o 


© 


2 












© 






Q. 




c 


E 




CO 


© 




CO 






© 


© 




o 






c 













/ 



CM 



c eg 
© ~ 

it 

~ © o 

c o S: 
S © 
S f 2 



C 

~ © 

© JZ 

o 



CO 



Q. ■ 
CL . 

2 © 
E 



1 



o 

CO 
CM 



© c 

O) CO 
CO LL 
~ CO 
^ © 

I I 

1! 

© ^ 

CO o 
© H— 

If 

© O) 

~ c 

© CO 

ti © 
2 

„ © 
© 



.£ to 

o> © 
c © 

2 

2^ 
2 o 
© w 



CO CO 

© 2 . 

CL 3 © 

E .E 3 

© cz c 

-D ir, E 

£: © 

!c °- © 

CO CL 

CO © 

^ © 

LL © 

to "° 

© lO 

© OJ 

" CD 



CO 



O 

CVJ 

CM 



co © 

E eg 

© T? 

- © 



E 
© c 

~ © © 
® > 2 
£ © .o 

©O-tO 

<2 © ° 

§H 

o 5 
© 

"D 

O 



© O 

3 ? 



2 CO 



© 

O CO Q- C 

O) Q. * - 

o _ ^ 

3 O 13 

E ^ CO 

« I ° 



Q 
Z 
LU 



o 

CM 



o 

CO 



o 



o 

LO 



o 

CO 



o 



L 





rmal 1 










© 


gof 






© 


rbid 


c 








ssi 






© 


s 


© 








© 


•str 






O 










c 




© 








© 


> 








reas 


o 






© 


I "5 






mat 


dec 






— + 






|i 


— ► 




o 


o 


2 © 






oger 


atus 


CL £ 
© * - 






cry 


par; 


wh 






CO 


CL 

CO 


© 






O) 


3 






roducir 


contra 


mperat 






Int 




© 






S a 
II 

o © -J 

* s ? 

5 © -c 

c .S 2 
.2 53 « 

§ f 2 

2 ^ to 

c " © 

— <D Q. 

2 £ E 

- o 2 

'£! 

O CD 

CO To 



ii 

© 

2 I 
^ ° ■ 

2 C LL 

|l 8 



C O) 

1-S 

CO o 
o 
© *t 



© J? 
£ © 

? E 

CO 

© © 
— S 



1 a 

O CO 

© © 

CO - 

© B 

- s 

2 S. 
© E 
b= © 



2 c 

© o 

CL O 

E <» 



E © 

© | 

^ E 

© k_ 

© © 

© CO 

"O © 



.5 © 



CM O) 

E 
o 



c 

CO 



5 

© 



g CO 

s © 
© 2 



